The effect of phagocytosis on the H202 production and myeloperoxidase (MPO) activities of leukocytes from various species was investigated. The intracellular distribution of MPO, reduced nicotinamide adenine dinucleotide phosphate (NADPH) oxidase, glucose-6-phosphate dehydrogenase, and 6-phosphogluconate dehydrogenase (6PGDH) of resting and phagocytizing guinea pig polymorphonuclear leukocytes has also been studied. Phagocytizing cells produce more H202 than the corresponding resting cells. This has been found to be true for human peripheral polymorphonuclear leukocytes, mouse peritoneal macrophage, and guinea pig and rat peritoneal polymorphonuclear leukocytes. All of these cells, except rabbit alveolar macrophages, have significant MPO activity. Generally an increased activity is noted with phagocytizing cells. Homogenization and differential centrifugation of guinea pig peritoneal polymorphonuclear leukocytes indicate that the whole homogenate and its fractions from phagocytizing cells have significantly higher MPO and NADPH oxidase activities, when compared to the corresponding fractions from the resting cells. The 27,000 X g supernatant fluid from phagocytizing cells has 6-fold more MPO and 2.5-fold more NADPH oxidase activity than similar supernatant fractions from resting cells. The enzyme 6PGDH was unaffected by phagocytosis. The relationship of these stimulated activities to the intracellular bactericidal function of the phagocytes has been discussed.
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It has been reported that H202 and myeloperoxidase (MPO)-containing granules from guinea pig polymorphonuclear leukocytes (PMN) act synergistically to form an effective bactericidal system against a number of bacteria (11, 12, 15) . It has also been observed that the stimulated oxidative metabolic activities of phagocytizing PMN result in an increased production of H202 as measured by a direct fluorometric assay (21, 22) . To determine whether the H202-MPO bactericidal system is unique to guinea pig PMN or whether it is more of a general phenomenon, human, rabbit, and rat PMN, rabbit alveolar macrophages, mouse peritoneal macrophages, and mouse spleen lymphocytes were studied for their H202 and MPO activities at rest and after phagocytosis.
Furthermore, the enzymes nicotinamide adenine dinucleotide phosphate (NADPH) oxidase, glucose-6-phosphate dehydrogenase (G6PDH), and 6-phosphogluconate dehydrogenase (6PGDH) are considered to be actively involved with the production of H202 and activation of MPO (10, 26, 31, 32, 35 Therefore, it was thought that it would also be of interest to study the effect of phagocytosis on the activities and intracellular distribution of these three enzymes and MPO.
The results presented indicate that the phagocytic stimulation of H202 production and MPO activity occurs with all of the cell types studied except one. Both granule-bound enzymes, MPO and NADPH oxidase, are stimulated in the phagocytizing guinea pig PMN. Further, the extracellular reaction medium of phagocytizing cells has three-to fourfold more G6PDH activity than that of resting PMN. These phagocytosisassociated metabolic activities will be discussed in relation to a general bactericidal system that could function in all the cell types studied.
MATERIALS AND METHODS
All chemicals used were of reagent grade. H202 (Superoxal, 30% H202) and guaiacol (C7HSO0) were obtained from Merck & Co., Inc. (Rahway, N.J.). The 30%c H02 was diluted 1,000 times with distilled water, and the concentration was determined from the 230 nm extinction coefficient. This solution was further diluted for any desired molarity. Guaiacol solutions were prepared by adding 1 .1 ml of guaiacol to approximately 70 ml of distilled water, and then adding slowly 20 ml of 95%-alcohol while shaking and finally adjusting the volume to 100 (16) . Mice were challenged intraperitoneally with 2 ml of sterile 0.05% glycogen. At 24 hr later, the mice were killed by cervical dislocation and immediately injected intraperitoneally with 4 ml of Hanks Buffered Glucose (HBG). After abdominal massage, the peritoneal cavity was opened and the cells were harvested. Before use, the cells were washed twice with HBG. Centrifugations were carried out at refrigerator temperatures and at 120 X g for 5 min.
For mouse spleen lymphocytes, the animals were killed as above. Immediately after death, the abdominal cavities were opened and the spleens were surgically removed and placed in cold HBG. After removing extraneous tissues, the spleens were minced gently. They were then placed in a syringe equipped with a Swinny filter adaptor containing a stainlesssteel sieve. Digital pressure was applied so that the cells would pass through; the tissue and debris remained behind. The resulting cell suspension was centrifuged at 120 X g for 6 min. The (19) .
Experimental design for H202 estimation. The technique used to estimate the metabolic H202 of guinea pig PMN, at rest and during phagocytosis, has been previously described (21, 22) . Generally, 20 X 106 to 25 X 106 cells in i ml of KRPM were placed in each of three dialysis bags. Each bag was dialyzed against 19 to 24 ml of KRPM. One bag containing PMN only was held at 0 C and served to establish the dialyzable H202 released under conditions under which metabolism would be minimal. To one of the two remaining bags containing cells, heat-killed Escherichia coli (phagocyte-to-particle ratio, 1: 100) were added, buffer was added to the other, and both were incubated at 37 C in a Dubnoff metabolic shaker for 30 min, while agitating at 90 oscillations/min. Rabbit cells were incubated for 45 min. Agitation of the 0 C control was accomplished by placing the reaction medium in an ice bath on a rotary shaker (90 oscillations/ min). After the desired incubation time, the bags were removed and the dialysates were assayed for H202 fluorometrically (21, 22) . Phagocytosis was monitored by making smears of the reaction mixture. Over 70' of PMN and macrophages was found to contain one or more particles per cell. Polystyrene latex spherules have also been used as particles with similar results.
Preparation of samples for enzyme assay. PMN were placed in each of two 10-ml glass homogenizing tubes (when larger quantities of PMN were required, siliconized Erlenmeyer flasks were used). To one of them heat-killed E. coli were added (particle-to-cell ratio, 100:1). The total volume in each was made to 4.0 ml with KRPM. Both tubes were incubated at 37 C in a Dubnoff metabolic shaker rotating at 90 oscillations/min. After 15 or 30 min, both tubes were removed from the water bath and 4.0 ml of cold 0.5 M sucrose was added. The contents of each tube were then centrifuged at 120 X g for 5 min in the cold. The supernatant fractions were assayed for extracellular enzyme. The pellets were suspended in 4.0 ml of 0.25 M sucrose, thoroughly mixed in a Vortex rotator, and assayed for cell-associated enzymes. For further fractionation, a sample of the pellet suspension was homogenized for 5 min with a Teflon-tipped pestle. A sample of the homogenate was diluted (1:1) with 0.25 M sucrose and centrifuged at 27,000 X g for 15 min in Servall refrigerated centrifuge. The 27,000 X g pellets (granules) were resuspended in 0.25 M sucrose. The homogenates, 27,000 X g granular fractions and supernatant fractions, obtained from both resting and phagocytizing cells, were assayed for enzyme activity.
MPO assay. This enzyme was assayed by the guaiacol method of Chance and Maehly (3). The optimal reagent concentrations at 25 C were established with guinea pig PMN homogenates. The reaction mixtures contained in a total volume of 3 ml: phosphate buffer (pH 7.0), 18 a Incubation for 15 min at 37 C with or without heat-killed E. coli; PMN to E. coli, 1:100.
Expressed in micromoles of NADPH formed per minute per 1010 PMN or fractions.
Probability of significance between resting and phagocytizing cells. d Mean i standard error of the mean. Number of experiments are indicated in the parentheses. e Granules and supernatant fractions resulting from centrifugation at 27,000 X g for 15 min. Table 5 . The extracellular fraction from the phagocytizing cells has three-to fourfold more activity than the corresponding resting cell fraction. The activity of the other fractions from phagocytizing cells is not significantly different from the corresponding fractions of the resting cells.
Similarly, the intracellular distribution of the enzyme 6PGDH of guinea pig PMN after resting or phagocytosis may be seen in Table 6 . The extracellular fraction has some activity. The majority of the activity is in the cell-associated fractions in both resting and phagocytizing cells. On further fractionation, most of the activity is in the supernatant fraction. The 23) , is not only present in all of the different cell types examined, but it is also produced in increased quantity due to particle uptake in most of the cell types studied. It should also be noted that there is considerable variability in H202 concentrations in the different cell types. This may be related to cellular MPO and catalase.
It has been reported that in addition to H202, MPO is also involved in the bactericidal activity of the cell (11-15, 17, 18) . The MPO levels of resting cells, but not of phagocytizing cells, have been reported (27) . Systematic studies on the effect of phagocytosis on MPG activity of cells from various species, to the best of our knowledge, have not been reported. In this study, we have found that generally an increased activity is associated with phagocytizing cells. Further, the MPG activity of mouse spleen lymphocytes is related to the age of the animal. Spleen lymphocytes from young adult mice (8 to 12 weeks) have threefold higher MPG than those of the one-year-old mice reported here. The bactericidal activity of these lymphocytes is being investigated.
In studies with fractions of guinea pig PMN homogenates, the enzyme appeared to be redistributed in the cell. The supernatant (27,000 X g) fraction of phagocytizing cells was found to have significantly more enzyme than the corresponding fraction obtained from resting cells. Surprisingly, the extracellular MPG activity was noted with both resting and phagocytizing cells. In all cases, however, the activity of preparations from phagocytizing cells was (10, 16, 21, 22, 23, 26, 31) . The H202 could activate and combine with MPG (11, 12, 15, 32) . The overall activities of the two dehydrogenases, G6PDH and 6PGDH, appear not to be significantly affected by phagocytosis. The only significant effect noted is the 10% release of G6PDH to the extracellular medium of phagocytizing cells, compared to 3%0 in resting cells. Increase in permeability of the cells due to particle uptake and degranulation might be contributory to this effect. 6GPDH appears to be greater in homogenates prepared from phagocytizing cells; however, the significance is questionable. Further experiments should clarify this.
